Human immunodeficiency virus (HIV) clades B and
online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 105(8): 1044 -1049 , December 2010 Human immunodeficiency virus (HIV) infection is a global public health problem. Brazil is one of the most affected countries in Latin America by the HIV epidemic, with more than 600,000 people living with the disease (Meira 2002 , MS 2005 ).
Due to the high level of genetic diversity within HIV-1, a classification of the pathogen into groups, subtypes and sub-subtypes was devised (Leitner et al. 2003) . Phylogenetic analysis suggested three independent input events of simian immunodeficiency viruses from non-human primates to humans, which established three groups of HIV-1: M (major), O (outlier) and N (Non-M/Non-O). A new strain "P," closely related to the gorilla simian immunodeficiency virus, was described recently in a Cameroonian woman (Plantier et al. 2009 ). The M group has a global spread and is currently divided into nine pure subtypes (A-D, F-H, J and K) and into 48 circulating recombinant forms that are the result of the recombination of pure subtypes (Perrin et al. 2003 , Kosakovsky Pond & Smith 2009 ). At the nucleotide-level, HIV-1 subtypes have around 70-90% of sequence identity, whereas the groups showed less than 70% identify. In addition, HIV-1 and HIV-2 are about 50% identical (Ariën et al. 2007 ). On a global scale, multiple HIV-1 strains co-circulate. There is an unequal distribution of viral subtypes in different regions of the world, with some subtypes being found more frequently in certain ethnic groups or forms of transmission. However, subtype C accounts for approximately 48% of infections in the entire world (Geretti et al. 2009 ).
HIV-1 subtypes present many structural and functional differences which may influence HIV transmission, anti-retroviral (ARV) susceptibility, development of ARV resistance, cellular tropism, organ involvement, disease progression and virus replication (Kantor 2006 , Kiwanuka et al. 2008 , Geretti et al. 2009 ). The HIV subtyping has been an important molecular tool for monitoring the geographic changes in the worldwide acquired immune deficiency syndrome (AIDS) epidemic (Requejo 2006) . As most studies on ARV response and HIV pathogenesis were carried out with subtype B, it is important to know the distribution of non-B subtypes in all regions and analyze the implications of this diversity in therapy response, diagnostic tests and vaccine development (Moore et al. 2001) .
In Brazil, most reports of HIV variability involved samples from patients from the Southeastern Region. Here, subtype B is most frequently found, followed by subtypes F1, C and recombinant forms of B/F1 and B/C (Bongertz et al. 2000 , Soares et al. 2003 , Cabral et al. 2006 . However, recent studies of other regions have shown different subtype prevalence, mainly in Southern, Central and Northern Brazil, where an increased proportion of patients are infected by the C and F subtypes, respectively (Brindeiro et al. 2003) . This variability likely represents distinct entries of the virus into the country and also different sources of infection (Bello et al. 2006 , Cabral et al. 2006 . The emergence of HIV-1 (likely clade B) in Brazil occurred in the mid-to late 60s, while the epidemic of subtypes F1 and C appeared in the late 70s and early 80s, respectively (Bello et al. 2006 (Bello et al. , 2007 (Bello et al. , 2008 (Bello et al. , 2009 . Studies on HIV infection have shown a distinct distribution of subtypes throughout various regions of the country. Knowledge of clade distributions is essential to describe the course of the referred epidemic in this population and establish preventive and intervening measures tailored to target populations.
The present study was aimed to report the HIV-1 clade diversity in the state of Paraná (PR), Southern Brazil, and correlate these findings with epidemiological characteristics.
PATIENTS, MATERIALS AND METHODS
Casuistic -Since 1999, the Brazilian Health Ministry has made genotyping tests to detect virus resistance available to all HIV-infected patients undergoing therapy with virological failure. These tests also help the medical staff to advise changes in medications. Blood samples from the tests are sent to a public reference laboratory. Until 2007, a total of 5,616 exams were performed in Brazil, of which 293 were from patients of PR (MS 2008) . All notification forms were revised in the current study. This study was approved by the local ethical review board at the Clinics Hospital of the Federal University of PR.
Methods -A cross-sectional study was carried out with the retrospective analysis of HIV-positive patients who underwent genotype testing from 1999-2007 at the National Genotyping Network for ARV resistance. Genotyping was carried out in all patients with virological failure using dual or triple-regimen therapy with non-nucleoside reverse transcriptase inhibitors or protease inhibitors, as well as in paediatric patients in early therapy.
Viral resistance genotyping was performed using the commercial system TRUGENE HIV-1 genotyping kit from OpeneGene DNA Sequencing Systems (Siemens Healthcare Diagnostics, USA), following the manufacturer's instructions. HIV-1 subtyping was based on polymerase gene sequences, protease (the whole coding region including nucleotides 10-297) and reverse transcriptase (partial including nucleotides 294-741) regions.
The epidemiological data was investigated for the retrospective review of reporting forms issued by the Information System and Reporting of Injuries sent to the State Health Department of Paraná. The correlation between genotypes and age, gender and risk groups was verified. The following categories of transmission were considered according to the Brazilian Health Ministry classification (MS 2008) : injection drug users (IDU), men who have sex with men (MSM), men who have sex with men and women (MSMW), heterosexuals (HETERO), blood transfusion/haemophilic patients, perinatal and ignored.
Statistical analyses -The continuous variables were compared using the Kruskal-Wallis non-parametric test. The groups were compared two-by-two by the Mann-Whitney non-parametric test. The Chi-square test or Fisher's exact test were employed to evaluate possible correlations between HIV-1 subtypes and demographic and epidemiological variables, such as gender, age and risk factors. A p value of 0.05 was defined as statistically significant.
RESULTS
HIV subtype identification and its correlation with demographic and epidemiological data -During the study period, a total of 293 patients were submitted to genotyping. Subtype B was found in 150 (51.1%) patients, subtype C in 65 (26.5%) patients, subtype F in 31 (10.5%) patients and unique recombinant forms (URFs) in 25 (8.5%, BC, BF1, BA1, F1C and BCF1) patients. Fig. 1 shows the geographic distributions of subtypes in adult patients in distinct regions of PR. Despite a predominance of subtype B, there is an unequal distribution of other subtypes, with a higher proportion of subtype C, F and URFs in the western region of the state and subtype C in the South-eastern Region. In the Northern Region, there is a similar distribution to that observed in the state of São Paulo, South-eastern Brazil. The studied population was divided into adult (≥ 13 years old) and paediatric patients (< 13 years old). Two hundred and five (83.6%) patients were adults, of which 142 (57.9%) were male, 103 (42.1%) were female and the mean age was 32 ± 9 years. When HIV-1 subtype distributions were compared between men and women, only subtype B was observed in a higher proportion of men (p = 0.02). Fig. 2 shows the distribution of HIV subtypes in adults and paediatric individuals. Analyzing both groups, we observe an important increase of subtype C and URFs among the paediatric population. Among women ≥ 13 years old, the HIV subtype distribution was B 45 (43.7%), C 34 (33%), F 14 (13.6%) and URF 10 (9.7%). Among paediatric patients (male and female) the HIV subtype distribution was B 14 (29.2%), C 22 (45.8%), F 7 (14.6%), URF 5 (10.4%) with p = 0.35. When the subtypes B and C were compared in both groups, p = 0.07.
Concerning the route of contamination, there was no case of seroconversion from accidents with biological materials or from blood transfusion. In the adult patients, a different source of contamination between men and women was observed, according to the subtype analyzed.
Regarding the sexual behaviour of the adult (≥ 13 years) individuals, 185 (75.5%) were HETERO, 35 (14.3%) MSM and 15 (6.1%) MSMW. A different subtype frequency was observed between males and females (Fig. 3) . The correlation between the HIV subtype with type of exposure between men and women was different. In this cohort, the females only had sexual relationships with men, regardless of their subtype, and there was no significant difference in the use of intravenous (IV) drugs by subtype (p > 0.05). In contrast, there was a significant difference in IV drug use by subtype among males. The individuals with subtype C were more likely to use IV drugs (odds ratio = 6.7, 95% confidence interval: 1.82-25.6).
In the adult population, a total of 9.4% (23/245) was IDU. The proportion of IDU and sex behaviour within the male and female adult populations and the subtype distribution are shown in Fig. 4 . There was no significant difference in the HIV-1 subtype distribution among the female group (p = 0.612), but there was a significant prevalence of subtype C in the male IDU group (p = 0.003).
Among the 48 (16.3%) paediatric patients, 30 (62.5%) were male and the mean age was 34.7 ± 27.5 months. Vertical transmission occurred in 46 cases; in two cases, the route of contamination was not reported. The Table shows the distribution of subtypes according to the demographic data.
For the paediatric patients, we analyzed the likely source of contamination from their mothers and their mothers' partners. The sexual behaviour, IV drug use, blood transfusion and history of haemophilia were investigated. In most cases, the answer to these items were rejected or ignored. Among those who responded affirmatively (25%) and were infected by HIV-1 clade C, there were two mothers (2/22, 9%) and five partners (5/22, 23%) that were IDU. Among those infected by HIV-1 clade B, only two partners were IDU (2/14, 14%). There was no statistical difference between the groups. Concerning the current status of the analyzed adult and paediatric patients, no statistical difference was observed between the subtype distribution and mortality rate. 
DISCUSSION
Similar to other studies conducted in different geographical regions of Brazil, the HIV epidemic in PR shows considerable clade diversity. Subtype B was found to be the most prevalent clade in this study (Bongertz et al. 2000 , Brindeiro et al. 2003 , Cabral et al. 2006 , Locateli et al. 2007 , Dias et al. 2009 ). However, analysis of the data in different age groups showed a change in the prevalence of subtypes, with subtype C being more frequently found in paediatric patients. It is important to stress that we analyzed populations infected at different times; in adults only those experiencing virological failure underwent genotyping, whereas the paediatric patients underwent genotype tests prior to the therapy. As the subtypes found in children were the same subtype found in their mothers, we observed a change in the newly infected population profile, with a higher prevalence of subtype C and IV drug use as the likely source of contamination. As clade subtyping was based on ARV resistance testing, the results of this study are likely applicable only to individuals with more advanced disease who require ARV therapy. Clade C was more frequent in the group of patients < 13 years old and represents more recently infected patients, indicating an increase in clade C frequency in PR. In addition, the majority of HIV positive pregnant women carries the virus but do not have AIDS, enhancing the possibility of a recent infection.
Paediatric populations could represent more recent infections than adult populations with highly active ARV therapy treatment failure. However, we are not able to estimate temporal trends of HIV-1 subtypes by directly comparing both populations. We observed that there are different subtype distributions between males and females and that the HIV subtype found in children reflects the subtype found in their mothers. Also, we observed that there is a higher proportion of subtype C among IDUs and the frequency of IDUrelated transmission among the paediatric population (23%) is higher than among the adult population (9%). Although we do find a significant trend (p = 0.07) when we look at subtypes B and C in the female adult population compared to the paediatric population, it is important to highlight that the higher frequency of clade C among paediatric patients compared to adults could also be explained by the association between subtype C, female sex and IDU. However, in agreement with our findings, Ferreira et al. (2008) reported a 53% prevalence of HIV-1 clade B and a 30% prevalence of clade C in a study carried out in recently infected male patients from Curitiba. These data suggest an increase of subtype C frequency over time. Also, Toledo et al. (2010) had similar results when they reported the HIV-1 subtype profile from adult patients in failure therapy in PR. Clade B was found in 61% of cases and clade C in 20% of the cases. However, an increased frequency of subtype C was observed in women compared to men (32% vs. 14%, p < 0.05). In the present study, a correlation between HIV-1 subtype and age was observed, with a higher frequency of clade C in recently infected patients. Previous studies have reported a higher prevalence of subtype C in Southern Brazil. A study carried out in the state of Santa Catarina showed a prevalence of 48% of subtype C and 23% of subtype B, whereas in the state of Rio Grande do Sul (RS), HIV-1 clade C was observed in 29% of cases and HIV-1 B in 22.6% of cases (Brindeiro et al. 2003 , Locateli et al. 2007 , Dias et al. 2009 ). Our findings corroborate these reports, clearly showing a change in the subtype profile of this region.
The distribution of HIV clades in adult patients in different regions of PR showed a similar prevalence between subtype B and C in the western region of the state. Here, subtype B accounted for 38% of the cases and subtype C accounted for 31% of the cases. However, studies on HIV-1 strains have demonstrated that different dissemination rates exist in the border regions of Southern Brazil. In areas such as the southeast region of Brazil, Argentina, Paraguay and Uruguay, the prevalence of subtype C remains below 6%. The subtype distributions most likely reflect the most prevalent transmission routes rather than the distinct in-strain infectivity (Bello et al. 2009 ). Nevertheless, these questions can only be answered by understanding pathogen evolution, dynamics and spread within the population at large and within infected hosts (Ariën et al. 2007 ).
In PR, around 26,000 AIDS/HIV infected patients were notified until June 2009. Most of these patients live in Curitiba, the state capital, and in the metropolitan region. These areas have an average of 16.8 cases/100,000 inhabitants and sentinel studies have shown a prevalence rate of around 0.6% HIV positivity in Curitiba (MS 2009) . Epidemiological studies reveal a change in the profile of HIV-infected patients, with an increase in HETERO, women and people with lower income. Following a change in patient profile, there is also a change in the genotypes of viruses with an increased prevalence of certain subtypes. Thus, it is important to determine the consequences of these changes in terms of the response to therapy, immunology, vaccine and survival (Soares et al. 2003) .
Studies on AIDS/HIV carried out since the initial HIV epidemic have demonstrated great viral genetic diversity, probably reflecting viral phenotype. The predominance of subtype C is likely related to the decreased virulence of this subtype. Consequently, a greater number of infected individuals survive and further spread the infection (Ariën et al. 2007 ). The displacement of subtype B has been demonstrated in other countries and probably occurred due to the introduction of subtype C into the population through a different route of contamination. However, some studies have reported that subtype C predominance in certain risk groups was reduced during the epidemic (Ariën et al. 2007 ).
The rapid initial growth rate of some HIV-1 subtypes displayed a higher fitness and/or virus transmissibility. Alternatively, variations in the initial growth rate of HIV-1 variants may reflect differences in the susceptible populations that characterized the initial spread of each strain. The HIV-1C strains have been associated with heterosexual contact. In this study, we demonstrate the high prevalence of this clade among women. However, when we analyzed these women's partners, we detected a high prevalence of IV drug users. Studies carried out with samples from RS have shown that after the initial period of fast exponential growth, the expansion rate of clade C epidemics has slowed since the early 2000s (Bello et al. 2009 ). However, this study was only performed with samples from one state, and may not represent the pattern of other states (Bello et al. 2009 ). We must determine if these changes in the demographic pattern are the consequences of introducing preventive measures or the results of a saturation of high-risk transmission networks (Bello et al. 2010) .
This report offers insight into the dynamics of the HIV spread in the Brazilian population. This is the first study that shows the prevalence of different HIV clades in distinct regions of PR. We aimed to identify modes of transmission and risk factors, while taking into consideration the genetic diversity of HIV-1 in all of the Brazilian regions. The correlation of HIV subtypes with demographic and epidemiological data is critical to determine the correct preventative measures. Further studies on global HIV genetic variability are necessary, not only for the understanding of viral origins and evolution, but also for the consequences of this variability in the performance of diagnostic tests and in the response to ARV therapy and vaccination.
